This paper proposes, various design procedures for computing Power System Restoration Assessment Indices (PSRAI) for a Two-Area Hydro-Thermal Reheat Interconnected Power System (TAHTRIPS) in a restructured environment with a loadfrequency controller optimized using Bacterial Foraging Optimization (BFO) algorithm. In the restructured scenario, as various types of apparatus with large capacity may enhance fast power consumption which causes serious problem in the frequency oscillations. The oscillation of system frequency may sustain and grow to cause stability problems in the system if no adequate damping is provided. The disturbances to the power system due to a small load change can even result in wide deviation in system frequency which is referred as load-frequency control problem. Quick system restoration is of prime importance not only based on the time of restoration and also stability limits also plays a very vital role in power system restoration problems due to unexpected load variations in power systems. The simple conventional Proportional plus Integral (P-I) controllers are still popular in power industry for frequency regulation as in case of any change in system operating conditions new gain values can be computed easily even for multi-area power systems. This paper focus on the computation of various PSRAI for TAH(with mechanical governor) -TRIPS and TAH (with Electric governor)-TRIPS unit based on the settling time concept, The design of the Proportional plus Integral (PI) controller gains are tuned using Bacterial Foraging Optimization (BFO) algorithm. These controllers are implemented to achieve a fast restoration time in the output responses of the system when the system experiences with various step load perturbations. In this paper the PRSAI are calculated for different types of possible transactions and the necessary remedial measures to be adopted are also suggested.
INTRODUCTION
The electric power business at present is largely in the hands of Vertically Integrated Utilities (VIU) which own generation, transmission and distribution systems that supply power to the customer at regulated rates. The electric power can be bought and sold between the interconnected VIU through the tie-lines and moreover such interconnection should provide greater reliability [1] . The major change that had happened is with the emergence of Independent Power Producer (IPP) that can sell power to VIU. In the restructure environment it is generally agreed that the first step is to separate the generation of power from the transmission and distribution companies, thus putting all the generation on the same footing as the IPP [2] . In an interconnected power system, a sudden load perturbation in any area causes the deviation of frequencies of all the areas and also in the tie-line powers. This has to be corrected to ensure the generation and distribution of electric power companies to ensure good quality. This can be achieved by optimally tuning Load-Frequency controller gains. Many investigations in the area of Load-Frequency Control (LFC) problem for the interconnected power systems have been reported over the past six decades. A number of control strategies have been employed in the design of load-frequency controllers in order to achieve better dynamic performance. The efficient incorporation of controllers will modify the transient response and steady state error of the system. Among the various types of load-frequency controllers, the most widely employed is the conventional Proportional plus Integral controller (PI). A lot of studies have been made related to LFC in a deregulated environment over last decades. These studies try to modify the conventional LFC system to take into account the effect of bilateral contracts on the dynamics [3] and improve the dynamical transient response of the system [4] [5] [6] [7] under various operating conditions. With the restructured electric utilities, the Load-Frequency Control requirements especially the nominal frequency in an interconnected power system besides maintaining the net interchange of power between control areas at predetermined values should be enhanced to ensure the quality of the power system. The importance of decentralized controllers for multi area load-frequency control in the restructured environment, where in, each area controller uses only the local states for feedback, is well known. The stabilization of frequency oscillations in an interconnected power system becomes challenging when implemented in the future competitive environment. So advanced economic, high efficiency and improved control schemes [8, 9] are required to ensure the power system reliability for which PSRAI can be used as a tool. In this paper various methodologies were adopted in computing Power System Restoration Assessment Indices (PSRAI) for Two-Area Hydro (with Mechanical/Electrical governor) Thermal Reheat Interconnected Power System (TAHTRIPS) in a restructured environment. With the various Power System Restoration Assessment Indices (Feasible Restoration Indices, Comprehensive Restoration Indices) the remedial measures to be taken can be adjudged like integration of additional spinning reserve, incorporation of effective intelligent controllers, load shedding etc.
In the early stages of power system restoration, the black start units are of the greatest interest because they will produce power for the auxiliaries of the thermal units without black start capabilities [9] . Under this situation a conventional frequency control i.e., a governor may no longer be able to compensate for sudden load changes due to its slow response. Therefore, in an inter area mode, damping out the critical electromechanical oscillations is to be carried out effectively in the restructured power system. Moreover, system frequency deviations should be monitored and remedial actions to overcome the frequency excursions are more likely to protect the system before it enters an emergency mode of operation. The restoration process of the bulk-power transmission system following a partial or a total blackout has two main issues during a restoration; these are voltage control and frequency control [10] . Special attention is therefore given to the behavior of network parameters, control equipments as they affect the voltage and frequency regulation during the restoration process which in turn reflects in PSRAI. During restoration due to wide fluctuations in the frequency and voltage it becomes very difficult to maintain the integrity in the system. Inability to control the frequency may lead to unsuccessful restoration. The repeated collapse of the system Islands due to tripping of generators due to either over frequency or under frequency condition causes delay in getting normalcy [10] Now-a-days the complexities in the power system are being solved with the use of Evolutionary Computation (EC) such as Differential Evolution (DE) [11] , Genetic Algorithms (GA), Practical Swarm Optimizations (PSO) [12] and Ant Colony Optimization (ACO) [13] , which are some of the heuristic techniques having immense capability of determining global optimum. Classical approach based optimization for controller gains is a trial and error method and extremely time consuming when several parameters have to be optimized simultaneously and provides suboptimal result. Some authors have applied GA to optimize the controller gains more efficiently, but the premature convergence of GA degrades its search capability [14] . Recent research has brought out some deficiencies in using GA, PSO based techniques [14, 15] . The Bacterial Foraging Optimization [BFO] mimics how bacteria forage over a landscape of nutrients to perform parallel non gradient optimization [16] . The BFO algorithm is a computational intelligence based technique that is not affected larger by the size and nonlinearity of the problem and can be convergence to the optimal solution in many problems where most analytical methods fail to converge. This more recent and powerful evolutionary computational technique BFO [16] is found to be user friendly and is adopted for simultaneous optimization of several parameters for both primary and secondary control loops of the governor. To obtain the best convergence performance, an effective cost function is derived using the tie-line power and frequency deviations of the control areas and their rates of changes according to time integral. The main function of LFC is to regulate a signal called Area Control Error (ACE), which accounts for error in the frequency as well as the errors in the interchange power with neighboring areas. Conventional LoadFrequency Control uses a feedback signal that is either based on the Integral of ACE or is based on ACE and it's Integral. These feedback signals are used to maneuver the turbine governor set points of the generators so that the generated power follows the load fluctuations, however continuously tracking load fluctuations definitely causes wear and tear on governor's equipment, shortens their lifetime, and thus requires replacing them, which can be very costly. In this study, BFO algorithm is used to optimizing the Proportional plus Integral (PI) controller gains for the load frequency control of a Two-Area HydroThermal Reheat Interconnected Power System (TAHTRIPS) in a restructured environment. Various case studies are analyzed to develop Power System Restoration Assessment Indices (PSRAI) namely, Feasible Restoration Index (FRI) and Complete Restoration Index (CRI) which are able to predict the normal operating mode, emergency mode and restorative modes of the power system.
MODELING OF A TWO-AREA HYDRO-THERMAL REHEAT INTERCONNECTED POWER SYSTEM (TAHTRIPS) IN RESTRUCTURED
Load-Frequency Control (LFC) plays a very important role in power system and its main role is to maintain loadgeneration balance. Many investigations in the field of LFC for an interconnected system have been reported in literature over past few decades, which emphasizes on LFC pertaining to a thermal system and relatively a lesser attention has been contributed towards the LFC of a Hydro-Thermal system of widely different characteristics [17] [18] [19] [20] [21] [22] . In this paper, investigation has been carried out for a TAHTIPS in which small perturbations was made to occur in area-1 and in area-2 and their impact on optimum selection of controller gain settling has been assessed based on the various Restoration Indices.
In the restructured competitive environment of power system, the Vertically Integrated Utility (VIU) no longer exists. The deregulated power system consists of GENCOs, DISCOs, and Transmissions Companies (TRANSCOs) and Independent System Operator (ISO). GENCOs which will compete in a free market to sell the electricity they produce. Mostly the retail customer will continue for some time to buy from the local distribution company and distribution companies have been designated as DISCOs. The entities that will wheel this power between GENCOs and DISCOs have been designated as TRANSCOs. Although it is conceptually clean to have separate functionalities for the GENCOs, TRANSCOs and DISCOs, in reality there will exist companies with combined or partial responsibilities. With the emergence of the distinct identities of GENCOs, TRANSCOs, DISCOs and the ISO, many of the ancillary services of a VIU will have a different role to play and hence have to be modeled differently. Among these ancillary service controls one of the most important services to be enhanced is the Load-frequency control [23] . The LFC in a deregulated electricity market should be designed to consider different types of possible transactions, such as poolco-based transactions, bilateral transactions and a combination of these two [24] . In the new scenario, a DISCO can contract individually with a GENCO for acquiring the power and these transactions will be made under the supervision of ISO. To make the visualization of contracts easier, the concept of "DISCO Participation Matrix" (DPM) is used which essentially provides the information about the participation of a DISCO in contract with a GENCO. In DPM, the number of rows has to be equal to the number of GENCOs and the number of columns has to be equal to the number of DISCOs in the system. Any entry of this matrix is a fraction of total load power contracted by a DISCO toward a GENCO. As a results total of entries of column belong to DISCOi of DPM is 1 = ∑ i ij cpf . In this study twoarea interconnected power system in which each area has two GENCOs and two DISCOs. Let GENCO 1, GENCO 2, DISCO 1, DISCO 2 be in area 1 and GENCO 3, GENCO 4, DISCO 3, DISCO 4 be in area 2 as shown in Fig 1. The corresponding DPM is given as follows (1) Where cpf represents "Contract Participation Factor" and is like signals that carry information as to which the GENCO has to follow the load demanded by the DISCO. The linearized model of a two-area Hydro-Thermal reheat interconnected power system in deregulated environment is shown in Fig.2 . The actual and scheduled steady state power flow through the tieline is given as
And at any given time, the tie-line power error
The error signal is used to generate the respective ACE signals as in the traditional scenario [6] error tie P F ACE blocks. Any mismatch between actual and contracted demands will result in frequency deviations that will drive LFC to re dispatch the GENCOs according to ACE participation factors, i.e., apf 11, apf 12, apf 21 and apf 22 . The state space representation of the minimum realization model of ' N ' area interconnected power system may be expressed as [25] .
where A is system matrix, B is the input distribution matrix, Γ is the disturbance distribution matrix, C is the control output distribution matrix, x is the state vector, u is the control vector and d is the disturbance vector consisting of load changes.
As stated earlier, in the Hydro power plan, the electric governor operation is very fast in nature than that of the system used with mechanical governors as the speed sensing, droop compensation and computing functions are performed electrically. The output signal drives electro-mechanical transducer, which operates a pilot valve and pilot valve servo motor. The turbine rotor speed is measured electronically with high accuracy [23] . And, here in this case study it is used as a feedback controller which drives the plant to be controlled within a weighted sum of error and integral of that value i.e. it produces an output signal consisting of two terms one proportional to error signal and the other proportional to integral of error signal. 
DESIGN OF DECENTRALIZED PI CONTROLLERS
The proportional plus Integral controller gain values are tuned based on the cost function time of the output response of the system (especially the frequency deviation) and with these gain values the performance of the system is analyzed and the PSRAI are computed. In this case study the feedback controller adopted drives the plant to be controlled within a weighted sum of error and integral of that value i.e. it produces an output signal consisting of two terms one proportional to error signal and the other proportional to integral of error signal. The Integral Square Error (ISE) criterion [20] is used as the objective function and minimized using Bacterial Foraging Optimization Technique by effectively tunning the Proportional plus Integral gains (K Pi, K Ii ) in the LFC loop. Where,
Where, K p -Proportional gain, K I -Integral gain, ACE -Area Control Error, U 1 , U 2 -Control input requirement of the respective areas. The relative simplicity of this controller is a successful approach towards the zero steady state error in the frequency of the system.
BACTERIAL FORAGING OPTIMIZATION (BFO) TECHNIQUE

Review of Bacterial Foraging Optimization
The BFO method was introduced by Possino [16] motivated by the natural selection which tends to eliminate the animals with poor foraging strategies and favor those having successful foraging strategies. The foraging strategy is governed by four processes namely Chemotaxis, Swarming, Reproduction and Elimination and Dispersal. Chemotaxis process is the characteristics of movement of bacteria in search of food and consists of two processes namely swimming and tumbling. A bacterium is said to be swimming if it moves in a predefined direction, and tumbling if it starts moving in an altogether different direction. To represent a tumble, a unit length random direction ) ( j φ is generated. Let, "j" is the index of chemotactic step, "k" is reproduction step and "l" is the elimination dispersal event. 
If the health of the bacteria improves after the tumble, the bacteria will continue to swim to the same direction for the specified steps or until the health degrades. Bacteria exhibits swarm behavior i.e. healthy bacteria try to attract other bacterium so that together they reach the desired location (solution point) more rapidly. The effect of swarming [19] is to make the bacteria congregate into groups and moves as concentric patterns with high bacterial density. Mathematically swarming behavior can be modeled representing the swarming behavior of the bacteria which are to be chosen properly In Reproduction step, population members who have sufficient nutrients will reproduce and the least healthy bacteria will die. The healthier population replaces unhealthy bacteria which get eliminated owing to their poorer foraging abilities. This makes the population of bacteria constant in the evolution process. In this process a sudden unforeseen event may drastically alter the evolution and may cause the elimination and / or dispersion to a new environment. Elimination and dispersal helps in reducing the behavior of stagnation i.e., being trapped in a premature solution point or local optima.
Bacterial Foraging Algorithm
In case of BFO technique each bacterium is assigned with a set of variable to be optimized and are assigned with random values [ ∆ ] within the universe of discourse defined through upper and lower limits between which the optimum value is likely to fall. In the proposed method of proportional plus integral gain (K Pi , K I i) (i=1, 2) scheduling, each bacterium is allowed to take all possible values within the range and the cost objective function which is represented by Eq (9) is minimized. In this study, the BFO algorithm reported in [25] is found to have better convergence characteristics and is implemented as follows.
Step -1 Initialization;
1. Number of parameter (p) to be optimized. 2. Number of bacterial (S) to be used for searching the total region. 3. Swimming length (Ns), after which tumbling of bacteria will be undertaken in a chemotactic loop 4. N C -the number of iteration to be undertaken in a chemotactic loop (N C >N S ) 5. N re -the maximum number of reproduction to be undertaken. 6. N ed -the maximum number of elimination and dispersal events to be imposed over bacteria 7. P ed -the probability with which the elimination and dispersal events will continue. 8. The location of each bacterium P (1-p, 1-s, 1 (14) will be "0'' when all the bacteria will have same value, i.e. they have converged. After initialization of all the above variables, keeping one variable changing and others fixed the value of "U'' proposed in Eq (9) is obtained by running the simulation of system using the parameter contained in each bacterium. For the corresponding minimum cost, the magnitude of the changing variable is selected. Similar procedure is carried out for other variables keeping the already optimized one unchanged. In this way all the variables of step 1-initialization are obtain and are presented below S = 6, N c = 10, Ns = 3, N re =15, N ed = 2, P ed =0. 25 Step -2 Iterative algorithms for optimization:
This section models the bacterial population chemotaxis Swarming, reproduction, elimination, and dispersal (initially, j=k=l= 0) for the algorithm updating • Compute value of cost
e., add on the cell to cell attractant effect obtained through Eq (43) for swarming behavior to obtain the cost value obtained through Eq (9) 6. If k<N re, go to 2; in this case, as the number of specified reproduction steps have not been reached, so the next generation in the chemotactic loop is to be started.
7. Elimination -dispersal: for i = 1, 2… S with probability P ed , eliminates and disperses each bacterium [this keeps the number of bacteria in the population constant] to a random location on the optimization domain.
SIMULATIONS RESULT AND OBSERVATIONS
The Two-Area Hydro-Thermal Interconnected Restructured Power System considered for the study consists of two GENCOs and two DISCOs in each area. In area 1 GENCO consists of one hydro unit (Mechanical/Electric governor) and one thermal reheat unit. In area 2 both GENCOS consist of thermal reheat units. The nominal parameters are given in Appendix. The optimal solution of control inputs is taken an optimization problem, and the cost function [25] is obtained using the frequency deviations of control areas and tie-line power changes. The Proportional plus Integral controller gains (K p K i ) are tuned with BFO algorithm by optimizing the solutions of control inputs for the various case studies as shown in Table 1 . The results are obtained by MATLAB 7.01 software and 50 iterations are chosen for the convergence of the solution in the BFO algorithm. These PI controllers are implemented in a Two-Area Hydro-Thermal Interconnected restructured Power System for different type of transactions. The corresponding frequency deviations ∆f, tie-line power deviation ∆P tie and control input deviations ∆P c are obtained with respect to time as shown in figures 4-6. From the simulated results it is observed that the restoration process with the Hydro Turbines with Electric Governor ensures not only reliable operation but also provides a good margin of stability when compared with that of a Hydro plant with Mechanical Governor.
More over Power System Restoration Indices namely, Feasible Restoration Indices (FRI) when the system is operating in a normal condition with both units in operation and Comprehensive Restoration Indices (CRI) are one or more unit outage in any area are obtained as discussed. In this study GENCO-4 in area 2 is outage are considered. From these Restoration Indices the restorative measures like the magnitude of control input, rate of change of control input required can be adjudged.
Feasible Restoration Indices
Scenario 1: Poolco based transaction
The optimal Proportional plus Integral (PI) controller gains are obtained for TAHTIPS considering various case studies for framing the Feasible Restoration Indices (FRI) which were obtained based on Area Control Error (ACE) as follows: Note that DISCO 3 and DISCO 4 do not demand power from any GENCOs and hence the corresponding contract participation factors (columns 3 and 4) are zero. DISCO 1 and DISCO 2 demand identically from their local GENCOs, viz., GENCO 1 and GENCO 2. Therefore, cpf 11 = cpf 12 = 0.5 and cpf 21 Step 5.7; The Feasible Restoration Index 7 ( 7 ε ) is obtained from the rate of change of control input deviation requirement for area 1 using Lagrangian's Interpolation method [27] . Case 2: This case is also a Poolco based transaction on TAHTIPS where in the GENCOs in each area participate not equally in LFC and load demand is more than the GENCO in area 1 and the load demand change occurs only in area 1. This condition is indicated in the column entries of the DPM matrix and sum of the column entries is more than unity.
Case 3:
It may happen that a DISCO violates a contract by demanding more power than that specified in the contract and this excess power is not contracted to any of the GENCOs. This uncontracted power must be supplied by the GENCOs in the same area to the DISCO. It is represented as a local load of the area but not as the contract demand. Consider scenario-1 again with a modification that DISCO 1 demands 0.1 p.u MW of excess power i.e., ∆Puc, 1 
Scenario 2: Bilateral transaction
Case 6: Here all the DISCOs have contract with the GENCOs and the following DISCO Participation Matrix (DPM) be considered [25] . 
Case 7:
For this case also bilateral transaction on TAHTIPS is considered with a modification that the GENCOs in each area participate not equally in LFC and load demand is more than the GENCO in both the areas. But it is assumed that the load demand change occurs in both areas and the sum of the column entries of the DPM matrix is more than unity. FRI 5 , FRI 6 , FRI 7 and FRI 8 or ε 1 , ε 2 , ε 3 , ε 4 , ε 5 , ε 6 , ε 7 , and ε 8 are calculated are tabulated in Table 3 and Table 5 .
Comprehensive Restoration Indices
Apart from the normal operating condition of the TAHTRIPS (with Mechanical/Electrical governor) few other case studies like one unit outage in an area, outage of one distributed generation in an area are considered individually. With the various case studies and based on their optimal gains the corresponding CRI is obtained as follows.
Case 11:
In the TAHTIPS considering all the DISCOs have contract with the GENCOs but GENCO4 is outage in area-2. In this case, the DISCO 1, DISCO 2, DISCO 3 and DISCO 4, demands 0.15 p.u MW, 0.05 p.u MW, 0.15 pu.MW and 0.05 pu.MW from GENCOs as defined by cpf in the DPM matrix (23 Table 6 . 
CONCLUSIONS
This paper proposes the design of various Restoration Assessment Indices which highlights the necessary requirements to be adopted in minimizing the frequency deviations, tie-line power deviation in a two-area interconnected Hydro-Thermal restructured power system to ensure the reliable operation of the power system. The PI controllers are designed using BFO algorithm and implemented in a Two-Area Two-Unit HydroThermal Interconnected Restructured Power System without and with outraged conditions. The closed loop system was simulated and comparative studies of the output responses of the system for different type transactions conditions have been presented. From the simulated results it is observed that the restoration indices calculated for the Hydro Power Plants indicates that the Hydro plant with mechanical governor requires more sophisticated control for a better restoration of the power system output responses and to ensure improved Power System Restoration Assessment Indices (PSRAI) in order to provide good margin of stability than that of the Hydro plant with electric governor.
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APPENDIX
A. Data for Thermal Reheat Power System [25] Rating 
